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This  work  has  been  done  from  the  assianed  view-point 
of  a  consulting  enfineer,    to  whom  this  project    is 
broufcht  for  an  estimate;   he    is  foiven  the  complete  aesifc.n 
and  data,   as   outlinea  below  and   in  the   accompanying 
blue  prints;    there  are  no  outstancing  data  with  the  ex- 
ception of  the   limitation   of  the  period  of  construction 
to  one  year. 

This  preliminary  estimate  covers   the    total  first 
cost  of  an  electrical  pov/er  system  of  20,000  E.  V.   A. 
capacity,   for  supplying  electric    railway  and  lighting 
l-ower  at  a  power  factor  of  90%  as   shown  on  the  load 
curve.     I'he   railway  system  is   100  miles   long;    the  generat- 
ing  station  and   included   substation   is   situated  midway 
between  the  tei-minals;    two  substations  are   locatea  near 
each  end,  35  miles  from  the  central  station.     Each 
substation  has  a  normal  capacity  of   6,000  K«   V.   A« 
and   its  overloaa  rating  is  sul"ficient  to  carry  one   third 
of  the  total  reak  load. 

The  central  station  consists  of  five,   5000 
K.   V.   A.,    three-phase,   6000  volt,  60  cycle,    turbo- 
generators,  as   shown  on  the  blue  print.     Power  is 


^9820 


transmitted  at  33,CCC   volts   to  each  of   the   two   isolated 
substations   throu^'h  tv.o  Eeyarate  feeder  lines,   arrangea 
along   the   rifcht   of  way   of   the    railroau.      The  equirment 
of  each  suDctation  consists   of   two,   5,000  il.   V.   A., 
3-phase,   60  cycle   synchronous   converters. 

Blue  prints   are   shovm  t-ivint.   the   details   of  wiring 
and  construction. 

This  estimate   iias   been  made  by  methoi^s   conforming- 
with   the   best  rractices    in   inaustrial   engineering. 
The  costs   tabulated  are  mostly   taken  from  prices   quotea 
personally  to   the  writer  by  the  manufacturer;    other 
costs,    such  as  those    of  labor,    installation  and  super- 
vision /.ave   been  carefully  calculatea  from  cost   uata 
of  a  few  ye  art;  a^o  as  i,iven  iu  Gillette's  Handbook  of 
cost  rata  and  especially  from  Liechanical  and  Electrical 
Cost  Data  by  Gillette  and  Dana,      i  have   triea   to  con- 
form  throughout   to   souna  economic   and  business  prin- 
ciples,  both  as   to  choice   of  airaratus  and  as    to   the 
chronolot.ical   oraer  of   the  work. 


EXCAVATIOU 

The   quantity  of  material   to   oe   excavatea  consists 
of  190 'x   loC  •    X  6'    or  6750  cu.   ^ar^s.    jf  sana.      I'he   ei- 
cavation  feoes  down  to  bea   rock,    six  feet  below  the  sur- 
face.     The  steam  shovel  useu   is  a  <iC-x'  whirl^-tyje   trac- 
tion shovel,    of  £-  cu.  yd.   capacity,   capable   of  loaain^ 
300  cu.   yards   of   sana  per  uay  under  average  conuitions. 
':he   length  of  haul   is  3  miles   of  city  streets. 

Labor:  1  forenan   9  ^l.iit  /   hr.    for  H'^  auys     ..220.00 

10   laborers   i  ^l.OC  /   hr."      "        "  160. 00 

BacVfill   and  clean  uj        i^»LD  /    cu.   yu  S30.00 

L:at.   i  10   shovels   J  ^1.00    (see  hana.)  10.00 

Supplies  16   barrows    ;  .„-5.0C    (    "        ••        )  CO. 00 

Rents  SteaiD  si  ovel   lor  ^^  uays    ':  v-l^^O  /   uay^SOC.OC 

£    -   5-Ton  Auto   Trucks   for   22  days 
@  ^0  /   aay  3300.00 

Interest  Int.    on  .^6320   =   6,.j  for  1  year  ItO.OO 

contingen- 
cies 5;j  300.00 
TOTAL                                                                                                      §7000.00 

rer  cu.   yu.  ^1.04 

Per  Kw  .26 


corc~j:TE  wm 

All  concrete  vior^r  is   of   l~Z^-b  mix.      FounaationE 
for  main  walls,   n^in  units   to  chicneys   are   siii  feet   in 
aeyth   (to  bea-rock) .      ^he  main  walls   are   20"    in   tnick- 
ness  ana   of   a  total  voliine   of  '*^(j  cu.   yas.      The  chinmey 
foimuations   are   oi    an  averat^e   aiam.    of   16'    aiiU   of  a 
total  voluEie    of  9C  cu.  yas.      The   founaations   for  the 
turbo -generators   are   as   shovm   in   the  rlan  and    Df  a  total 
volume   of   155  cu.   yas.;    for   the   tv.o   rstary  converters 
in  the    incluGea   substation,   a  total   volume    of   k.0 
cu.   yas.      The   floors   of  boiler   room,   ana  basement,    tur- 
Dine-room,   and  switch  house  are    of  a  total  volume   of 
':iLO  CU.   yus.      Grouau   floors   have  a  thicknest    of  -g  foot, 
and  all   others   1  ft. 

Total  volume    of  concrete    is   1630  cu.   yus. 
Torn  lumber   is   to   De   used  four  tines   and  has   a  scrap 
value    of  2&,-j.      Ssuia  from  excavation  useu   for  concrete. 

Labor  Forrr.  work   64(.tC   B.F. 319.04  /   B.F.  ..2560. CO 

Concrete  work   16Z.C  cu.   yas.   0^2.00 

/   cu.   yd.  5260.00 

L'tripj'int   anu  cleaning   uj-   .,.C'06/B.F.  £10.00 

lieinforceneut   placing   j  v«£^  /    cu.   ya.        -ibcOO 


Lat.   i-            160C0  B.   r'.   at  v^O  /  M-ccrap  value  $  4£0,00 

Supplies        19LQ  bbl.    oi    cement  ©  ^3,60  /bbl.  7030.00 

IbOC  cu.   yos.    01    stone  3  v2.25/cu.   yu,  c-SlO.OO 

Reinforcement  steel  40  T.  ^i  ^55  /  ton  2£00.00 


Rents 


L:ixer  lor  1  month. 


100.00 


Int.  Int.    on  £20000  for  11  no.   3  6/a 


1100.00 


C  ont  m^en- 
cies  1£ 


3200.00 


Total 


^24300.00 


Per  cu.    rd. 


,u.^c 


per  K.   W. 


4    .97 


HOOFING 

Roofint   is   oi    standard  I'ire-prool  material   such 
as  Berger  multiplex  tiate,   ana   of  a  total   area  of 
930CC   sq.    ft. 

Labor  93000    sq.    ft.    @  :^.Z^  /   sq.    ft.  ^,^3500.00 


Hat.  i- 

Supiilies      V3000   sq.    ft.    @  ;„,Q6  /   sq.    ft. 


5600.00 


int. 


.iitSOO.OO   for  b  mo.   '*  6'. 


1150.00 


contin- 
gencies       10^ 


3000.00 


Total 


per  EQ.   ft. 


;,33000.00 

*.25t 


;1.3ii 


MASOrRY 

The  main  walls   are   of  Ifc"    thicliness  with  <^6   oric.-i.s 
/  sq.    ft.;    the   switch  house  walls  are   of   lii"    thickness 
and  20  bricks  /    sq.    ft.      The   averat;«  heife,ht    of   the 
walls    is   6C   feet,    above   traae.      I'he  number   of  bricks 
required   is   2,000,0C0.      Quantity  of  mortor   required 
(1:3)    is   146C  cu.   yds. 


Labor  Bricklaying    ■  ^10.00  /  H 

Laborers  ©  •, t.CO  /  M 


^20000.00 
16000. OC 


Mat.   8:         common  brick  S  ^12.00  /  M  16C00.00 

supplies     Presseci     ••        3  v^^.OO  /  M  12000.00 

Lime    (liO  cu.   yds./iii  v20.00  /   ton  1600.00 

L-ement    (390  bblj    S  ^Z>,60  /  bbl.  1400.00 


Int. 


Int.    on  vO&COO.OO   for  9  mo.@  6;, 


;  100 .00 


C  ont in- 
gencies        10  ;6 


7i;00.00 


Total 

per  K»  V/. 

Per  1000   bricks 


^7i^y00.00 
^9.65 


SUPIIRSTRUCTURE 

This  consists   of  a  comilete   skeleton  I'rarae-work   of 
steel,    including  wall  girders,    roof   trustes,   coal-hoppers 
and  the  necessary   cross-tracing  for  the  blQ^.   as  shov.Ti 
in   the   arawin^.      The  v/eitht   of   structural   steel   re- 
quired   is   67£   tone,    incluuim    such  sundries   as    rivets, 
bolts,   plates,   etc. 

Labor  Erect int,   o7t   tons   jf  structural  work 

Q  vli^.OO  /    ton  vlt^lOO.OO 

Erecting  lO-ton  crane  500.00 

"  2  chimnej's,    150   ft.    hit,h  5500.00 

Installing   55  wiuuowe    _i  §1.10  /   winuov;  600.00 

Laying   200  ft.   R.i.    track   inside  bldg.  200.00 


::at.   Sc         675   tons   of   str.    iron  4.^120. 00/ton  81000.00 

Supplies     50-ton  crane  15500.00 

1  chimney   IlO-    i.   i'o"  16000.00 

1        ••            150'   X  10*  19000.00 

70   ties    (creos)    S  v^«20  150.00 

560   feet   rails    (eOfr   yo.)  600.00 

ypikes,   bolts,   nuts,    angles,  etc.                     500.00 

Bumper  50.00 

Vincov/s,  1)0  ors  2000.00 


int.  Int.    onvMeOOO.OO   &  6)0  ior  6  mo.  4,;     6O0O.OO 

uontin- 

gencies  &  lOji  15000. OC 

Incidentals 


Total  vl70000.00 

Per  K.  V^.  ^o.bO 


CUIv3JARlf    OF  COSTS   OP  BLDG.    ALOrE 

Eicav.  $      7000.00 

concrete  V/ork  24S00.00 

tiasonry  79300.00 

Skeleton  'Vork  170000.00 

Roofing  33C 00.00 

Total  .,313600.00 

per  K.  V!,  §12.54 


lIACHIirERY 

All  piping  estimated  for  250#  pressure. 

Labor            lO-Boiler   settings   &  installations  Sr   75000.00 

G-Turbo-^en.    installation  52500.00 

E-Condenser  equipaent   installations  10500.00 

Piping  work   (stean,  air,  v.ater.)  36000.00 
installation  of  coal  ana  ash  hanalinfe 

nach.  25000.00 

L!at.   &         S-turbo-feenerators   50C0  K.   V/.  500000.00 

supplies     5-CondenEer  Equipments  147000.00 

3125*   Pipinfc  and  covering  complete  29000.00 

10-S.&  ;..   500  E.P.  Boilers  &  Stokers  200000.00 

2-Boiler  Feed  Pumps  12500.00 

toal  ana  Ash  Hanaling  Mach,  12500.00 

Feed  water  heater  4000,00 

Int.    on 

Cap.               Int.    on  vltl04,000.00  g  o.j  for  4  mo.  22060.00 


Continfc.   & 
Inciaentals 


5420.00 


Total  vl. 131, 000,00 

Per  K.   W.  ^£,45. 25 

Kote 
Esich  conaenser  equijiment  consists   of   the 
foil  owing:    1-lOOCO   sq.   ft.   surlace   condenser,   ti-ary 
vacuum  ejector  j^umps,    1-conuensate   rump,    turbine- 
ariven,    and  1-c irculating  water  pump,    turbine-driven. 


KLECTHICAL  EQJIFloEirT 

The  L-ei^eratea  voltage   is  6600.     rach  generator  is 
excited  irom  a  125  volt  exciter  bus.   fed  by  a  22b  L.   W. 
D.  C.  generator.     The  transmission  voltage    is  33000. 
Both  low  ana   hith  tension  btisses  are    sectionalizeQ.      vhe 
neutral   of  each  main  irnit    is  ^roundea.      For  further  par- 
ticulars,   see  station  V.irinj-  Diagram  and  Switchboard. 

Labor             oorjerwork  $  27000.00 

Installing   transformers  1000.00 

"            switchboard  400.00 

"           exciters  600.00 

"            substation  equipment  2000.00 


Lat.    i: 
Supplies 


;ee  next  ia^e 


2&6S60.00 


Int.    on 
Cat). 


int.    on  v527,500  ^  6^  for  4  mo. 


Con  ting.        £)& 


16700.00 


Total 


Per  E.   W. 


§350000.00 
$14.00 


MATERIAL  AIO)  SUPPLIES 


Switchboard: 

t-Gen.   Panels    (    Incl.    all  switches)  v      oOOO.OO 

4-reeaer  Panel    (6600   Volt) (      "  )                            2400.00 

4-        ••          "          (3300        "    )(      "  )                            i*6C0.00 

2-Exciter  "  900,00 

l-Li&hting  ana  Aux.   Panel  &5&.00 

l-Grouna  Detector  150.00 

Transformers: 

i;i-Current  Transformers  OiiO.OO 

id-Potential           "  160.00 

15-Sinfe-le-?hase   1667  K.V.A.    (33000-6600)  75000.00 

4-vhree-Phase  3150  L.  V.   A.    (  "          "      )              £4000.00 

Exciters: 

l-jurbo-Generator   (Incl.   ranel  &  switctes)             9000.00 

l-Liotor-Generator  (    "            "  ••          )              7000.00 

Substation  equipraent: 

2-3000  K.V/.   Syn.   Converters  50000.00 

2-Automatic   Voltage  Retuiators  1100.00 
2-converter  SwitchboarQB    (Incl.   all   switches)    15000.00 

6-Sinble  Phase  3000.00 

4-^ets   of  Alum.   Ltt.   Arresters  (    Incl. 

choke   coils  etc.)  4800.00 

CojTer   (incl.   all   insulation)  ^-7000. CO 

Total  296560.00 


THAi:SMISSIOII  SYSTISI 

The   traiisniEsion  system  consists   of  tv.o  sets 
ol'  feeders   or  six  wires    to  eax5h  substation.      Each 
line    is  25  mi.    in  length  ana  consists   of  #4/0 
copper  wire  moxmtea  horizontally  with  four-loot 
spacing.     The  roles   used  are  25  feet   in  len^tii  spaced 
200  ft.   apart  anu  fcuyed  ana  anchored  every  half  mile. 
This  arrangement   calls  for  900  poles,    1000  cross- 
arms,    6000    insulators,   2  500'    of  b^y  v/ire,    70   anchors 
and  210  mi.    oi  wire   per   set   ol    feeaers. 


Labor  900  poles  S  ^7.10 

1000  cross  arms  S  i^.75 
6000  insulators  ®  v'^^ 
alO  mi.   of  wire 


6500.00 
750.00 
300.00 

5400.00 


Mat.   &         900  poles  @  ^20.00 
Supplies     1000  crosB-arms  ©  $2.00 
6000   insulators  @  $.75 
70  anchors  O  §2.50 
3500*   guy  wire  @  §.008 
622000#   of  wire  @  ^.24 


18000 .00 

2000 .00 

4500.00 

250.00 

250.00 

206000.00 


Int. 


Int.    on  ;ai243000  @  6^  for  4  mo. 


Contin- 

£,encies       Bfo  $  20000.00 


Total  266500.00 

Cost   of  complete   transmission   system  §537000.00 


bUBSTATIOKS 

Each   of   the    isolated  substations   is  built  siniilar 
to   the    incluaed  substation  at   the  central   station,    so 
as   to  make  for  efficiency   and  economy   in   installation 
costs.     The  building;   is  'dO   ft.   wide,   60  ft.    lon^   and 
20   ft.   hife:.h,    of   12"  brick  wall,   v;ithout  v.inaov.s;    a  saw- 
tooth roof  provides   the  necessary  li^htint;   a  suitable 
ventilating  system   is    installed,   also,   a  2£-ton  hand- 
operated  craue   of  3C •    span. 

The   quantity   of  material   to  be  ezcavatea   is  &C'    x 
60'   X  6'    or  400  cu.   yds.      The   numoer  of   uricks   re- 
quired  is   ai  proximately   72000.      "Jhe   a-nount    of  concrete 
reouired   is:    for  wall   foundations,   4C  cu.   yus;    for 
machine   founaations,   20   cu.   yds;   for  main  floor,   oO  cu. 
yds.;    for  base.Tient   floor,  50   cu.   yus.;   raakiiife;:  a  total   of 
150  cu.  yas.     The  steel   reauired  for  the   superstructure, 
includint^  roof   trusses,    reinforcements,   aina  bracint   is 
9   tons,     yhe   roofing  surface   is  ££00   sq.   ft.       The   sub- 
station equirment   is   as  follows: 

2-2000  K.W.    synchronous  converters   i-  switchboaras 
2-33000  volt  feeder  panels 

4-transforners    (three-phase,   31£0  L.V.A.   6600-33000) 
2-auto:aatic   voltage    regulators 
2-converter  switchboards. 


Excavation: 

400  cu.   yds.   ^  ^l.OA  ^        416.00 

Concrete  V/ori:: 

150  cu.   yas.   ©  ,714.^0  2215.00 

Masonry: 

72  ju  bricks  &  ^39. 65  2855.00 

Superstructure: 

^   tons  of  steel  5  ^140.00  1260.00 

Crane  2500,00 

Hoofing: 

5500  sq.   ft.   a  $.35  1930.00 

Ventilating,   Plumbing,   ".Vooawork:  1200,00 

Equipment: 

material    (as   listed)         ~  155000.00 

Goct   of  installation  15500.00 

Incidentals: 

Supervision,   Painting,  Contingencies  5000.00 

Total  $166000.00 

Per  K.  W.  ^1.33 

Cost   of  both  substations  ^376000,00 


GEFERAL  EXPe:SE 

This  item  is  estimated  on  the  basis  of  jercentage 
of  total  cost,  assuming  one  year  as  the  veriod  of  con- 
struction.  Jransportation  is  here  taken  into  account 
by  assuming  the  existance  of  a  separate  plaint,  main- 
tained expressly  for  transportation  purposes  for  one 
year. 

Engineering  and  Sujerintenaence  ^.6^ 

Legal  Expense  1.3;6 

Organization  ana  Office  Expense  2.0^6 

Insurance,  Taxes,  ramates.  Right  of  V/ay        1.9;i 
Transportation  Plant  1.0;;^ 

Total  Overhead  Charge  9j5 


SULLIARY  OF  ESTUiATEI   COSTS 


Main  Building: 

Cost  of  bldg-.   xroper 
"         '     machinery 
"       "     electrical  equipment 


f  S 13 600.00 

1131000.00 

550000. CO 


Substations: 

Cost   of  bldt;:s.   ana  equipment 
Transmission  System 
General  Expense 
Total  Cost   Of  Generating- 
and  Transtiission  System 


576000.00 

5370C0.00 
2^2400.00 

26S5000.00 


RJG:BG 


25GOO     KW.     POWER   PLANT 
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